UNCLASSIFIED 


AD  NUMBER 


AD852689 


NEW  LIMITATION  CHANGE 
TO 

Approved  for  public  release,  distribution 
unlimited 


FROM 

Distribution  authorized  to  U.S.  Gov't, 
agencies  and  their  contractors;  Critical 
Technology;  24  MAR  1969.  Other  requests 
shall  be  referred  to  Army  Missile  Command, 
Attn:  RS,  Redstone  Arsenal,  AL  35898. 


AUTHORITY 


USAMC  ltr ,  1  Dec  1972 


THIS  PAGE  IS  UNCLASSIFIED 


REPORT  NO.  RS-TR-69-2 


RAPID  HEATING  AND  LOADING 
OF  5052-N34  ALUMINUM  ALLOY  SHEET 


by 

John  H.  Honeycutt 


/Larch  1969 


This  document  is  subject  to  special  export  controls 
and  each  transmittal  to  foreign  governments  or  foreign 
nationals  may  be  made  only  with  prior  approval  of  this 
Command ,  ATTN:  AMSMl-RS. 


Redstone  Arsena/,  A/afeama  3  S' h  c 


i; 

p' 


* 


f 

f 


i 

?- 

> 


y 

*«■ 

f 


24- March  1969 


P,S-TK-i?-^ 

Report  No.  "Rfr "Tfl".® 


RAPID  HEATING  AND  LOADING 
OF  5052134  ALUMINUM  ALLOY  SHEET 


By 


John  Hi,  Honeycutt 


DA  project  No.  1T024401A328 
AMG  Management  Structure  Gode-'No.  621 4401  A. 00.007 .D! 


Thin  document  is  subject  to  special  export  controls 
and  each  transmittal  to  ioreign  governments  or  foreign 
nationals  may  be  made  only  with  prior  approval  of  this 
Command,  ATTN:  AMSM1-RS. 


K 


« 


f 

i 


Materials  Engineering  and  Development  Branch 
Structures  and  Mechanics^Laboratory 
Researchand  Engineering  Directorate  (Provisional) 
U,  So  Army  Missile  Command 
Redstone  Arsenal,  Alabama  35809 


ABSTRACT 


The  purpose  of  this  report  is  to  make  available  to  the  design  engineer 
tensile  property  data  on  5052^H34  aluminum  under  conditions. of  rapid  heating 
anti  loading. 

-  '  -  Vs  -  '  '■ 

The  tensile  property  data  reported  are:  ultimate  tensile  stress  *  ultimate 
yield  stress  (at  0.2  percent  offset)  *  elastic  modulus,  percent  total  elongation, 
and  percent  uniform  elongation;  The  uniform  elongation  was  determined- only  at 
0. 0045 -in./in./sec  on  the  transverse  specimens; 

These  tensile  properties  were  deter mined  at  strain  rates  of  0.0.045, 

6. 0262,  and  0.0419  in./jn./sec  and  at  temperatures  from  room  temperature 
(78°F)^tc  7.00°F  at  100-degree  intervals,  excluding  100°  arid  200?F.  The  time 
required  to  reach. tb;  test  temperature  was,  in  most  cases i  less  tham  10  seconds. 

In  addition  to  the  tensile  property  data,  the  angle  of  fracture  of  the 
material  was  also  determined.  These  data  are  presented  as  byproducts  of  the 
tensile  property  data  and  only  to  investigate  the  possibility  of  establishing,  a 
trend  for -the  angle  of  fracture  at  different  strain  rates  and; temperatures. 

Primary  consideration  is  given  to  ultimate  tensile  and  yield  properties. 
Other  tensile  property  data  reported  are  secondary  and  should  be  used  for 
design  criteria  only  after  consideration  has  been  given,  to  the  methods  used  for 
obtaining. and  reducing  these  data. 

The  strength  properties  of  the  test  material  increased  with  an  increase 
in  strain  rate  from  400°  to.700°F.  However,  from  room  temperature  to 
400 °F,  the  strength  properties  showed  almost  no  change  with  respect  to  strain 
rate. 

All  tensile  data  indicated  a  decreasing  trend  with  an  increase  in  tempera¬ 
ture  except  for  total  elongation,  which  established  an  increasing  trend  with  an 
increase  in  temperature.  a 
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1.  Ini^itfUCtfQjT  / 

FSu£-  aluminum. alloys  were  seleetedfr  tensile  property  evaluation 
at  various  strain  rates  and  temperatures.  These  lire:  2014-0,  2024-T3, 
7075-TS,  and  S052~H34,  At  this  time,  only  the  5052VH34  alloy  lias  been 
evaluated. 

The?eontr piling  factor  for  ithe  strain  .rates  to  be  used  is  the  test  equip¬ 
ment  now  on  band.  These  strain  rates  are  0 . 0045,  A*  0262,  and 
6. 04i&  lh./in./ see.  'Che  -strain  rates  are  hot  constant  and  are  ah- average,  of 
the  strain. rates  for  eae&tsst  condition. 

:  -  <r 

Tlie  tflmperriture  for  this  ihvestigatioh  rahgedxfrom  r oom  temperature 
(?3-AAtP  7-00 ’-Faf 190  ttF  intervals,  excluding  100°  and  200°F,  The  test 
samples  g£e  resistaneelieated  andthe  temperature  manually  controlled  by 
visually  monitoring  a thermocouple  outputs  The  time  required  to  reach.test 
temperature  was  approximately  10  seconds  for  all  sped  aens . 

To  record  the  test,  ah  HX-Y!'  recorder  was  employed  at  the  slower 
strain  rate  0**0045  in. /in, /see)  <  At  the  other  two  strainvrates  (0. 0262  and 
0.  0410:inv/ in, /sec.) ,  an  oscilloscope  with  a  Polaroid5 camera  was  used  to 
record  the  test  data.  The  reason  for  the  instrumentation  change  is  that  the 
2WST  recorder  slew  rate  is  20  ip.  / sec  and  the  loading  rate  df  the  specimens  at 
ihptvvo  faster  strain  rates  |s  .greater  than  20-in./sec}  which  is-too  fast  for  the 
recorder. 

The  number  of  specimens  required  to  establish  a  data  point  was  two  — 
if  the  data  agreed  within  10  percent.  If  the  data  did  not  agree  within  10  percent, 
.a  third  'specimen  -was  tested. 

The  data  used  to  plot  the  curves  are  averages  of  either  the  two  or  three 
datp.pointa  r-ecordod. 


»  > 


Testing  e-f  the  three  other  alloys  is  being  held  in  abeyance  until  new  test  / 
equipment  is  installed.  This  new  equipment  will  provide  a  controlled  strain 
and  an  increase  in  tpe  strain  differential. 


2,  TeSt  Moteyfohfwd  Specingeo 

The  5Q52--E34  material  used  for  this  test  was  a  sheet, 

36  x  36  inches  x  0,50  inch-thick,  furnished  by  the  Reynolds  Metals  Company. 
No  cheroicfti  composition  was  Supplied.  The  tost  specimen  configuration  is 
shown  in  Figure  -XV 
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! J  '  5  3,  Test  Equipment  „  .  / 

,  =5  ;  The  test  equipment  used  for  tensile  loading  of  the  specimens  was  a 

„  Model  TTD  Instron  universal  testingmachine  with  a  full  scale  load  capability  of 
20, $00  pounds.  Specimens  were  resistance-heated  by  use  of  a  Marquardt  TM9. 

*  power  controller.  .  .  ?r 


■ '  The  recorder  instrument  used  for  the  slower  strain  rate  (0.0045 
in. /in. /sec)  was  a  model  2D  Mosley  X-Y  recorder.  A  Tektronix  Model  502A  • 
dual-beam  oscilloscope  with  Polaroid  camera  attached  was  used  to  record  data 
at  the  two  faster  strain  rates  (.0.0262  and  0.0419  in./iri./sec) . 

o  o  ’  <  t 

c  o  - 

>  \  ^  .  >  •>  . 

o  The' temperature  of  the  specimen  was  controlled  manually  during;  , 
observation  of  the  temperature  recorder.  The  temperature  recorder  rnoiii- 
tored  a  chrornel-alumei  thermocouple,  which  was  attached  to  the  center  of  the 
gage  length' of  the  specimen  by  percussive  welding. 

'  j  -  - 
The  specimen  strain  was  measured  by  use  of  a  clip-on  type  extensometer 
over  the  2-inch  gage  length  ofcne  specimen ( Figure  2)b  -  ; 

'  O  t  _  S'  -  •*  . 

A  block  diagram  of  the; test  setup; and  associated  instrumentation  is 
shown  in  Fi'gure  3.  4  v.  - 


4.°  Data  Measurement 

C  A  ^  -  - 

The  specimen  load  was.  measured  with  use  of  an  Instron  load  cell. 
This  is  an  electronically  calibrated  strain-gage  type  of  load  cell  with  load 
ranges  of  50^-,  1000-,  2000-,  5000-,  10,000-,  and  20,000-pound  ranges. 


i 


Strain  measurements  were  made  with  use  of  the  clip-on  type,  extensom¬ 
eter.  This  extensometer  consists  of, a  0. 5-inch-  wide  by  3-inch  long  piece  of 
spring  steel  with  appropriate  clamps  fastened  to  each  end  (  Figure  2) .  There 
are  two  strain  gages  mounted  on  both. the  tension  and:  compression- side  of  the 
spring.  The  extensometer  bridge  network  and  physical  arrangement  of  the 
gages  are  shown  in  Figure  4.  This  bridge  arrangement  is  such  that  strain 
Signals  in  Rj  and  R3  are  additive  in  one  direction  and  those  of  R2  and  R4  are 
additive  in  the  other  direction,  thus  producing  four  times  the  electrical  output 
of  a  single  strain  gage. 


The  strain  rate  for  each  test  condition  was  measured  by  use  of  the 
second  beam  on  the  oscilloscope  as  an  indication  of  strain  only.  A  pulse 
generator  caused  the  second  beam  to  be  displayed  on  the  oscilloscope -St  a 
predetermined  time  interval  of  15 ,  30,  60,  or  100  milliseconds. 


2 


r-n 


The  strain  rate  beairLSweep:i5  showa  in  the  upper  parfcofFigure  5, 


The  strain  rate  reportedior  each. condition  ^s^.alciii^t§d?frp|n-|he 
load-strain-curvcs  at  tftatcondition.  The:  strain:ratems<calculated6ver.tiie 

is  the^?>vera^  gtraiferate  fer  each-Tpdividuairtesr  sarnplp  (figure  5) 

-.  cases^Be%traifefate:sKcwed  a 

re4cfiied|ts<'Sxopppifoha^.^a^f:  :j^^4gpcease  fe-a  res'At.  of  spnie^gf Ipe-crpss^  7 
head  movement  being  taken  up-  by  tK4  elastic  de.ibrir.at.lon  of  the  test:-macMney  „ 
parts  such  as;  the  load  celi.  pull  rodsv  jaws,  universal  joints ,  and?  specimen;-  -s  . .. 
shoulders;  .  -  .  ^  4  -  =  L_  s  / 

Temperature  measurements  were  read  directly  f.’om.  a.  s.emparature  ; 
meter*  whteh  ijmalihrated4fcdeg^^|s  Fahrenheit;.  C&e  Avajs'^  thjiyemjby'#  •' 

chromel-alunierthermoeouplewAedto  the  center  of  the  gage  length  ofithe 
specimen.  TheTemperature  v.:s  aiaunaliy  controUed  because  of  the  sloiv,  . 
response  to  temperature  charge  of  the  automatic  temperature  controller.  x  • . 

Thepercent4btaf  e  ce^tinii'of-each  specimen  was  measuredT>yuse  of. 
a  Sieide  -ipercent  gage  for  \  2-i  cn  gage  length.  In  some  instances,  thefspecir. 
mens  that  were  run. at  other  tfca,  room  temperature*  arced  upon  fracture  and 
causedrthe  ends  -df  the  frn  *•  -ured  part  of  the  specimen  to  melt  (Figure  6/  . 

Because =of  the -arcing- an- J.  .orisequent  melting-of  the  material,  it  was  not 
.possible  tomeasureThe  percent  total  elongation  with  a  consistent  degree  of 
accuracy'.  In  future  tests  of  this  type,  elongation  measurements  will  be  takeA 
from-The  load-strain  curves. 

The  uniform  elongation  measurements  were  taken  from  the  recorded 
data  of  the  calibratedextensometer. 

Uniform  elongation  was  not  included  in  the  initial  test  plan.  Therefore, 
the  extensometer  nvas  calibrated  only  to  cover  the  range  of  the  specimens  that 
would  show  the  0;2  percent  offset  yield.  At  a  later  time,  a  decision  was  made 
to  report  uniform  elongation  data.  This  required  the  installation  of  a  new 
amplifier  in  the  existing  instrumentation  to  improve  the  linearity  of  the 
extensometer  signal,  so  that  the  entire  elongation  of  the  specimen  could.be 
recorded.  y 

In.  previous.- tests,  the  linearity  of  the  extensoi.ieter  output  was  not  con¬ 
sidered  important  past  the  n.  2  percent  offset  yield.  Figure  7  shows  the  two 
different  curves  with  The  improved  linearity  in  the  extensometer  signal. 
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THe‘ Angle  of  fracture  of  each;specimen  was  measured  with  an  adjustable 
protractor.  M.  fracture  perpendicular  to  the  load  axis  was  considered  a  fracture 
*  angle  of  zero  degrees.  '  ’ 


Js  5.  Testf'roce^ure  '  > 

'Specitfens  oriented  in. both  the  longitudinal  and  transverse  directions 
were  evaluated,  rfte  longitudinal  specimens  Were  tested  first.  The  test  was 
started  at  the  fast** /  strain  rate  (6. 04i9  in. /in. /sec)  and  at  each  strain  rate 
specimens  weredeSted. at  700°,  600°,  500s,  400s,  and  300°F,  and  at  room 
temperature.  At  eat 4  temperature ,  only  t  vo  specimens  were  tested  if  the 
*  ’tensile  data  agreed  within  10  percent.  lithe  tensile  data  did  not  , agree  within 
lOpercent,  a  third  specimen  was-tested.  The  average  tensile  data  from  the  two 

'  'v  or  three  specimens  were  then  used  as  the  data  point  to  construct  all  curves. 

'V*  ’  *' 

At  the  beginning  of  each  test,  all  specimens  were  marked  and  measured, 

and  their' areas  calculated  and  recorded. 

>  •  *,  - 

’Beforedlie  beginning  of  each  test  period,  a  sample  specimen  was 
mounted  in  the  test -machine /and  the  temperature  gradients  were  checked. 
Whemnecessary,  adjustments  were  made  to  keep  the  temperature  gradients 
.  c  within  10°  F  or  less  over  the,  gage  length  of  the  specimen.  Periodic  checks 

were  made  as  required  during  the  test  period  to  maintain  this  minimum  tempera¬ 
ture  gradient.  (Figure  8)v. 

*  s  '  {'  '  ' 

j  ,  ,  A  specimen  was  clamped  in  the  machine  and  a  thermocouple  percussivoiy 
welded  to  the  center  of  its  gage  length.  The  thermocouple  was  used  to  control 
and  measure  the  temperature  of  the  specimen.  Next,  the  calibrated  extensom- 
eteivwas  clipped  on  the  specimen  and  the  specimen  brought  up  to  the  desired 
temperature  within  10  seconds  or  less.  At  this  time,  the  load  was  applied  to 
the  specimen  and  the  load-strain  curve  was  recorded  on  the  oscilloscope  for  the 
two  faster  strain  rates  (0. 0419  and  0. 0262  in. /in. /sec)  and  on  the  Moseley 
X-Y  recorder  at  the  slower  strain  rate  (0.0045  ih./in, /sec) . 


’  During  the  test,  the  temperature  was  manually  controlled  by  observation 
of  the  temperature  meter.  Manual  control  of  the  specimen  temperature  was 
held  within.  ±10°  F  throughout  the  specimen  test  cycle. 

The  ultimate  strength  and  0.2  percent  offset  yield  were  determined  from 
each  calibrated  load-strain  curve.  Modulus  of  elasticity  was  measured  from 
the  slope  of  the  elastic  portion  of  the  load-strain  curves  (Figure  5) .  Total 
elongation  was  measured  by  use  of  a  Riehle  percent  gage  and  the  angle  Of 
fracture  was  measured  with  a  protractor. 
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The  strain  rate  for  each  test  was  calculated  from,  the  timing  informa¬ 
tion  on  the  oscilloscope  trace  as  recorded  bn  *he  load-strain  curve  (upper 
trace  on  the  load-strain  curve,  Figure  5) .  As  shown  in  this  figure,'  the  strain 
rate  is  0.026  in./in./sec,  from  zero  strain  to  the  0.2  percent  offset  ™ield  load 
on  the  strain  axis.  From  this  point,  2  centimeters  out  on  the  strain  axis,  the 
strain  rate  increases  to  0. 046  in. /in./ sec.  The  reasons  for  the  lower  strain 
ratemre  that  pull  rods,  universal  joints,  load  cell,  and  specimen  shoulders 
have  some  elastic  deformation  that  takes  up  some  of  the  movement  of  the 
crosshead,  which  travels  at  a  constant  rate.  The  strain  rates  reported  here 
are  average  rates  taken  from  the  start  of  ioadihg  to  the  0.2  percent  offset 
yield  strength.  >j  ' ' 


Uniform  elongation  of  the  test  samples  was  conducted  only  on  the 
transverse  samples  at  the  slower  strain  rate  of  01 0045  in. /in./ sec.  In  each 
test,  the  extensometer  was  left  on  the  sample  until  failure.  From  the.  data 
plotted  on  the  X-Y  recorder,  the  uniform  elongation  was  calculated  by  use  of 
the  recorded  values  of  strain  from  the  calibrated  extensometer. 

Figure  9  shows  a  typical  load-strain  curve  from  which  the  uniform 
elongation  is  calculated. 


'  6.  Test  Results 

The  results  of  these  tests  are  shown  in  tabular  form  in  Tables  I 
through  VI.  The-curves^representing-thefiaverage  tabulatedrvalues=are=shown= 
in  Figures  10  through  26.  The  data  points  of  each  curve  are  an  average  of  either 
two  or /^ree  specimens  as  shown'in  the  tabulated  data..  , 

a.  Tensile  Properties 

s 

Ultimate  tensile  properties  decreased  moderately  wdh  an 
increase  in  temperature  up  to  400°F.  However,  past  400°  F;  the  sti\  ;$h. 
properties  decrease  sharply  to  700° F.  Conversion  of  data  points  at  701/ F  ‘ 
suggests  that  all  strength  characteristics  are  depleted  at  this  temperature. 
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The  strain  rates  appear  to  have  almost  no  effect,  on  stiess  values  excep, v , .. 
above  400°F.  In  the  temperature  range  from  400°  to  700° F,  the  stress  level  1  . 
increases  with  an  increase  in  strain  rate.  Transverse  and  longitudinal*  curves 
show  the  same  trends  except  for  a  point  at -room  temperature  anc’ 0.0045 
in. /in. /sec  strain  in  transverse  curves.  Data  for  this  point  were  taken  from  a 
different  lot  of  5052-H34,  which  had  an  increase  in  thickness  of  0.013;  inch.. 

The  reason  for  this  particular  point  being  lower  than  the  other  points  at  this 
same  condition  could  possibly  be  attributed  to  "size  effect. " 
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TABltETZ.  TEN SIDE  PROPERTIES  OF  5052-rH34  ALUMINUM  AT,  DIFFERENT  TEMPERATURES 
AND  STRAIN  RATES-',  *'  '  '  •  *\  "  •  . 
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TABLE  IV.  TENSILE  PROPERTIES  OF  5052-H34  ALUMINUM  AT  DIFFERENT  TEMPERATURES 
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’  .  bj  Yield  Properties  of  0.2  Percent  Offset 

o  °  s  ;  -  .  " ’=*'  '  .  -  -  '  -  V  -  >  '  ' 

The  0.  02  .percent  offset  yield. curves  for  both  longitudinal  and 
transverse  data  show  approximately  the  same  trends  as  the  ultimate  tensile 
curves.  The  transverse  curve  also  shows  the  low  data  point  at  room  tempera- 
5ture.and  0.0045  in./in./sec  strain  rate. 


o  c.  Elastic  Modulus 

<  ■  ;  “  -  ^ 

!  «  -  ‘  :  »  *  - 

c  •>  , 

;  ,  The  elastic  modulus  curves  show  a  decrease  in  modulus  with 
an  increase  in  temperature.  The  change  in  modulus  value  with  respect  to 
:  strain  rate  is  more  pronounced  for  the  transverse  specimens  than  for  the 
longitudinal  specimens.  At  the  faster  strain  rate  the  transverse  specimens 
exhibit  higher  modulus  values  at  correspohding,temperatures  than  the 
longitudinal  specimens.  At  the  . slowest  strain  rate  just  the  opposite  is  true. 
That  is  j  the  modulus  values  at  corresponding  temperatures  are  higher  for  the 
longitudinal  specimens  than  for  the  transverse  specimens.  (t 

1  &  v  . 

At  the  intermediate  strain  rate,  both  the  longitudinal  and  transverse 
specimens  have  approximately  the  same  modulus  value  at  corresponding 
temperatures,  the  greatest  deviation  in  the  two  curves  being  19  percent  at 
600CF.“  5  ' 

The  longitudinal  specimens  are  observed  to  converge  at  500 °F  and 
remain  at  approximately  the  same  .modulus  values  at  corresponding  tempera- 
±tures4hroughout4he  remainder  of  this  test. 


dv  Total  Elongation 

The  total  elongation  .of  the  longitudinal  specimens  showed 
little  change  from  room  temperature  to  300°F.  However,  from  3001'  to  700°F 
the  total  elongation  increased  sharply  for  each  strain  rate,  The  slowv  inter¬ 
mediate,  and  fast  strain. rates,  at  corresponding  temperatures,  exhibit  greater 
total  elongation  respectively. 

The  trend  for  total  elongation- of  the  transverse  specimens  shows  an 
increase  in;  Elongation  with  an  increase  in  temperature.  The  transverse  test 
also  exhibits,  an  increase  in  total  elongation  with  decreasing,  strain  rate  except 
for  values  at  700CF.  At  this  temperature,  the  total  elongation  for  the  faster 
strain  rate  is  greater  than  that  for.  the  intermediate  strain  rate.  This  is  prob¬ 
ably  caused  by  the  arcing  and.melting  of  the  specimen  immediately  after  fracture. 
Figures  27  and  28  show  the  specimens  used  .to  construct  this  data  point. 
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Specimens  A  represent  the  intermediate  strain  .rate  at  700°F  and  specihiens'  B 
represent  the  fast  strain  rate  at  700 °F.  It  is  noteworthy  that  specimens.  B  show 
no  arcing.  These  specimens  were  'prevented:  from:  arcing  by  cutting  the, power 
input  immediately  before  fracture.  However,  specimens  A  were  run  with  full 
power  until  ai|6r  fracture  causing  arcing .  and  m  el  ting  of'the  specimens. 

As  previously  stated,  all  future  measurements  of  this  typs  will' be  taken 
from  the  recorded  data  rather  than  from  measurements  by  use  of  the  Riehle 
percent  gage. 


e.  Uniform  E longatibn 

Uniform  elongation  wasreeorded  only  for  the  slower  strain  rate 
(0,. 0045  in. /in. /sec)  on  the  transverse  specimens. 

Uniform  elongation  is  considered  to  be  the  elongation  of  the  specimen 
that  occurs  before  any  decrease  in  load  is  observed  on  the  recorded  data.  It  is 
therefore  the  useable  elongation  in  design.  All  the  uniform  elongation  data  were 
taken  from  the  X-Y  recorder.  The  trend  of  uniform  elongation  in  relation  to 
temperature-is  just  the  reverse  of  that  exhibited  by  total:  elongation,  decreasing 
with: increasing  temperubfre.  On  the  missile  design,  this  type  of  data  can  be 
extremely,  important  where  low  factors  of  safety  inherent  in  ’’one-shot"  hardware 
are  used;. 


f.  Angle  of  Fracture 

The  angle  of  fracture  for  both  longitudinal  and  transverse 
specimens  varied  eiractically  with  temperature.  There  is  a  maximum  change 
of  only  2  degrees  from< room  temperature  to  300° F  for  the  transverse  speci¬ 
mens;  From  300°  to  500° F,  the  maximum  differential  occurs  for  all  strain 
rates.  From  500°  to  700°  F,  only  a  slight  change  of  3  degrees  is  .noted  for  any 
of  the  strain  rates.  At  ail  strain  rates  and  corresponding  temperatures,  the 
angle  of  fracture  of  the  transverse  specimens  is  greater  than  the  angle  of 
fr  acture  of  the  longitudinal  specimens. 

No  effort  has  been  made  to  analyze  the  angle  of  fracture  data  by 
crystallographic  or  other  means  and  they  are  reported  simply  as  a  matter  of 
interest. 
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g.  Stressr-Straig 
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The  stress-strain-ciirves:  for  aU  sttain  rates:  sho\y  an  mcrease 
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trends  with  respect  to  tejmp.erature  ahd  stra'in  rate.  However,  an  established 
trend  repor.ted'for  umfbrin.eibDeation  had’not.been.;found^at  the.time  of  this 


writing. 
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Strain  rates  Used  for  test  conditions  were  not  differentiated  sufficiently 
to.establishunquestionabledtends  with  respect  to  strain  rates  in  most  teases. 
The  ultimate,  yield,  and  total  elongation  curves.  frpm  room  temperature  to 
300°  FPf  the  longitudinal  curves  are  examples  Pfsthis  condition. 


For  design  of  missiles,  the  uniform  elongation  is  considered  to  be  of 
significant  importance  and  considerably  more,  quantitative  data  concerning  this 
parameter  should  be  generated. 
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The  thickness  of  machined  specimens  wjthin  the  reduced  section  shall  be  uniform  within  O.OiO'inch 

The  ends  of  reduced  section  shall  riot  differ  in  width  by  more  than  0*002  inch.  There  may.  be  d; 
gradual  taper  in  width  from  the  ends  to  the  center,  but  the  width  at  either  end  shell  not  be  more 
than  0.Q05  inch  greater  than  the  width  at  the  center. 


FIGURE  2.  C LIP-ON  EXTENSOMETER  AND  TEST  SPECIMEN 
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FIGURE  4.  EXTENSOMETER  PHYSICAL  ARRANGEMENT  AND  BRIDGE 
NETWORK  1  -  X- 


II 


Jl 


EIGURE  5.  TYPICAL  LOAD  -  -STRAIN  CURVE 
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FIGURE  10.  EFFECTS  OF  TEMPERATURE  ON  ULTIMATE  TENSILE  STRESS 
OF  LONGITUDINAL  SPECIMENS  AT  DIFFERENT  STRAIN  RATES 
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FIGURE  14.  EFFECT  OF  TEMPERATURE  ON.  ELASTIC  MODULUS  OF  LONGITUDINAL 
SPECIMENS  AT  DIFFERENT  STRAIN  RATES 
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FIGURE  22.  STRESS-STRAIN  CURVES  FOR  TRANSVERSE  SPECIMEN^ 
AT  DIFFERENT  TEMPERATURES 
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FIGURE  24,,  STRESS-STRAIN  CURVES  FOR  TRANSVERSE  SPECIMENS 
AT  DIFFERENT  TEMPERATURES 
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